ENGINE AND EXHAUST SYSTEM FOR 
WATERCRAFT 



This application is a continuation of U.S. patent appli- 
cation Scr. No. 08/318,055, filed Oct. 4, 1994, now aban- 
doned. 

BACKGROUND OF THE INVENTION 

This invention relates to an engine and more particularly 
to an improved engine and exhaust system for use in a 
watercraft and particularly a small personal type of water- 
craft. 

Growing in popularity is a relatively small type of water- 
craft referred to as a "personal watercraft". This type of 
watercraft is relatively small and is designed primarily to 
accommodate a rider and no more than one or two passen- 
gers. Frequently these watercraft are quite sporting in nature 
and the operator and passengers may be seated in a straddle 
tandem fashion. Often times, jet pumps are utilized as the 
propulsion device for such watercraft. 

As with all watercraft, this type of personal watercraft 
requires the use of a relatively compact power plant. For that 
reason, it has been proposed to employ two-cycle crank case 
compression, internal combustion engines as the power 
plant. These engines are quite compact. In addition, since the 
cylinders of the engine fire each revolution of the crankshaft, 
they have a relatively large power output for their specific 
displacement. 

As with all engines, however, there are certain spatial 
considerations that still must be considered. For example, if 
in-line engines are employed, tbey tend to have not only 
considerable leogtb for their displacement, but also may 
have substantial height. V-type engines, on the other hand, 
offer some reduction in length but the width of the engine 
becomes greater. In addition, V-type engines present certain 
problems in conjunction with the location of the induction 
and exhaust systems. These problems are particularly acute 
in conjunction with two-cycle crankcase compression 
engines employing multiple cylinders. 

It is, therefore, a principal object of this invention to 
provide an improved and compact two-cycle V-type engine 
that can be utilized as the propulsion device in a small 
watercraft. 

It is a further object of this invention to provide an 
improved compact two-cycle crankcase compression inter- 
nal combustion engine wherein the induction and exhaust 
systems arc laid out in such a way as to provide a compact 
arrangement and yet afford accessibility for components 
which must be serviced. 

It is frequently the practice with V-type engines to mount 
the cylinder banks in a staggered relationship so that the 
cylinders of the adjacent banks may have their connecting 
rods jou ma led on a common throw of a common crankshaft. 
However, the staggering of the cylinder banks increases the 
length of the engine. 

It is, therefore, a still further object of this invention to 
provide an improved and compact type of the two-cycle 
crankcase compression engine. 

As has been noted, the personal watercraft are frequently 
powered by jet pumps commonly known as jet propulsion 
units. However, it is also well known that the impeller 
system of a jet propulsion unit can be subject to cavitation 
if driven at too high a speed. On the other hand, in order to 
provide a compact propulsion unit, it is desirable to operate 
the engine at a high rate of speed. By increasing the speed 



of the engine it is possible to increase the power of the 
engine without increasing its size. However, when the 
engines run at high speed, then the speed of the output shaft 
of the engine is such that the impeller of the jet propulsion 
unit may be driven at too high a speed. 

It has, therefore, been proposed to provide a transmission 
between the engine and jet propulsion unit so as to permit 
the engine to operate at the desired speed without causing 
cavitation of the impeller. This arrangement, however, adds 
further to the bulk of the unit and provides problems such as 
alignment of the various components and so forth. 

It is, therefore, a still further object of this invention to 
provide an improved V-typc two-cycle crankcase compres- 
sion engine for a watercraft that can include a built-in 
transmission in its construction. 

SUMMARY OF THE INVENTION 

A first feature of the invention is adapted to be embodied 
in an inboard, two-cycle, crankcase compression internal 
combustion engine unit for a watercraft having a crankcase 
chamber journalling an output shaft. A pair of cylinder 
blocks extend at a V- angle to each other and are affixed to 
the crankcase chamber. Each cylinder block contains at least 
one piston for driving the output shaft. An induction system 
for the propulsion unit is disposed substantially completely 
in a valley defined between the cylinder banks. A pair of 
exhaust manifolds are each affixed to a respective one of the 
cylinder blocks on a side facing away from the valley. 

Another feature of the invention is also adapted to be 
embodied in an inboard, two-cycle, crankcase compression 
internal combustion engine unit for a watercraft having a 
crankcase chamber journalling an output shaft. A pair of 
cylinder blocks extend at a V-anglc to each other and are 
affixed to the crankcase chamber. Each cylinder block con- 
tains at least one piston for driving a respective crankshaft 
jou mailed in the crankcase chamber. The crankshafts of the 
respective cylinder blocks are coupled to each other and to 
an output shaft by a transmission and the output shaft is 
adapted to drive a propulsion unit of the watercraft. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side elevational view of a small watercraft 
powered by a propulsion unit constructed in accordance with 
a first embodiment of the invention, with a portion broken 
away and another portion shown in its normal operating 
condition in solid lines and in respective service positions in 
phantom lines. 

FIG. 2 is a top plane view of the watercraft shown in FIG. 

1. 

FIG. 3 is an enlarged rear elevational view of the engine 
of the watercraft, with portions broken away and shown in 
sections. 

FIG. 4 is a cross-sectional view taken along the line 4—4 
of FIG. 3 showing the pistons in phantom. 

FIG. 5 is a side elevational view, in part similar to FIG. 
1, and shows a watercraft constructed in accordance with 
another embodiment of the invention. 

FIG. 6 is a top plane view of this embodiment. 

FIG. 7 is a view, in part similar to FIG. 3, and shows the 
engine of this embodiment, with portions broken away and 
shown in sections. 

FIG. 8 is an enlarged side elevational view of the engine, 
with a portion of the exhaust system broken away and shown 
in sections. 
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FIG. 9 is a top plane view of the engine of this embodi- 
ment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS OF THE 
INVENTION 

Referring first in detail to the embodiment of FIGS. 1—4 
and initially primarily to FIGS. 1 and 2, a small personal 
watcrcraft constructed in accordance with this embodiment 
of the invention is identified generally by the reference 
numeral 11. It is to be understood that, although the inven- 
tion is described in conjunction with a personal type of 
watcrcraft, certain facets of the invention may be utilized 
with other types of watcrcraft. Also, the personal watcrcraft 
11 that is illustrated has a form which is particularly useful 
with the invention. However, watcrcraft of other forms may 
also be employed as will be readily apparent to those skilled 
in the art. In addition, certain features of the layout of the 
watcrcraft 11 arc particularly useful in that they afford 
accessibility of the engine and certain of its components, as 
will become apparent. 

The watercraft 11 is comprised of a hull, indicated gen- 
erally by the reference numeral 12 which is comprised of an 
under hull portion 13 and a deck portion 14. The hull portion 
13 and deck portion 14 may be formed from any suitable 
material such as a molded fiberglass reinforced resin or the 
like. The hull and deck portions 13 and 14 are affixed to each 
other in any known manner, such as by bonding adhesive or 
welding. A bumper section 15 is affixed to the forward 
portion of the hull 12 at the area around the joint between the 
hull portion 13 and deck portion 14. 

The rear portion of the deck 14 accommodates a seat 16 
which extends longitudinally of the watercraft in a passen- 
ger's area. The seat 16 is designed so as to accommodate an 
operator and one or two passengers seated in straddle 
tandem fashion. A pair of depressed foot areas are disposed 
on opposite sides of the seat 16 so as to accommodate the 
legs of the riders. 

Disposed immediately forwardly of the seat 16 is a 
control mast 17 mounting a handlebar assembly 18 for 
steering of the watercraft 11 in a manner which will be 
described. The mast 17 is mounted on a hatch assembly 19 
that covers an engine compartment, as will be described. 
This hatch assembly 19 is mounted by means of a hinge 21 
for pivotal movement between a normal operative condition 
as shown in solid lines in FIGS. 1 and 2 and an opened or 
access position as shown in phantom lines in FIG. 1. The 
control mast 17 and handlebar assembly 18 are mounted on 
the hatch 19 and pivot with it. 

In addition, the hatch 19 is provided with a smaller 
opening having a further pivotally supported cover 22 that is 
pivoted at its forward end and so as to afford access to the 
engine compartment for servicing without needing to pivot 
the entire batch assembly 19. 

As has been noted, the area beneath the hatch 19 forms an 
engine compartment and an internal combustion engine, 
constructed in accordance with an embodiment of the inven- 
tion and indicated generally by the reference numeral 23 in 
mouoted therein in a suitable manner. An example of such 
a mounting will be described later by reference to the 
embodiment of FIGS. 5-9. The construction of the engine 23 
will be described later by more reference to FIGS. 3 and 4 
but in the illustrated embodiment the engine 23 is a V-4 
two-cycle crankcase compression engine. The invention has 
particular utility with such engines. 

The engine 23 has an output shaft 24 that drives a drive 
shaft 25 through which extends rcarwardly and is journaled 
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by a bearing 26 on a bulkhead assembly 27. The bulkhead 
assembly 27 is formed at the front end of a tunnel 28 that is 
formed in the under side of the hull portion 13 and beneath 
the seat 16. A flexible joint 30 is interposed in the connection 
between the output shaft 24 and the drive shaft 25. 

A jet propulsion unit, indicated generally by the reference 
numeral 29 is mounted within this tunnel 28 in a suitable 
manner. The jet propulsion unit 29 may be of any known 
type and is comprised of an outer housing assembly defining 
a water inlet portion 31 which defines a downwardly facing 
water inlet opening flush with the bottom surface of the hull 
portion 13, An impeller housing 32 is formed at the end of 
the water inlet portion 31 and contains an impeller 33. The 
impeller 33 is affixed to an impeller shaft 34 which may be 
either connected to or integrally formed with the drive shaft 
25 so as to be driven by the engine 23. 

The impeller 33 draws water through the inlet opening 
portion 31 as shown by the arrows in FIG. 1 and discharges 
it rearwardly through a discharge nozzle portion 34. The 
discharge nozzle portion 35 pivotally supports a steering 
nozzle 36 which is pivotal about a vertically extending 
steering axis. This steering nozzle 36 is coupled to the 
handlebar assembly 18 in a known manner, as by means of 
a bowden wire cable (not shown) for steering of a watercraft 
11 in a well known manner. 

If desired, a reverse thrust bucket 37 may be mounted at 
the discharge end of the steering nozzle 36 for movement 
between a forward drive position and a reverse drive posi- 
tion as shown in FIG. 1, where the water from the discharge 
nozzle 35 will be redirected in a forward direction so as to 
affect a reverse thrust on the watercraft 11. The reverse thrust 
bucket 37 is operated in any known manner. 

Except for the hatch assembly 19, the construction as thus 
far described may be considered to be conventional and, for 
that reason, further description of the conventional portions 
of the watercraft 11 is not believed to be necessary. Where 
any component is not illustrated or described, it may be 
considered to be of any conventional type of construction. 

The construction of the engine 23 will now be described 
by primary reference to FIGS. 3 and 4 although certain of the 
engine components appear in FIGS. 1 and 2. As has been 
noted, the engine 23 is of the V-4 type and operates on a 
two-cycle, crankcase compression principle. The engine 23 
is comprised of a crankcase assembly, indicated generally by 
the reference numeral 38 and which is comprised, in the 
illustrated embodiment, of a lower portion 39 and an upper 
portion 41 which are connected to each other in a known 
manner. The crankcase portions 39 and 41 may be formed 
from any suitable material such as light weight aluminum or 
aluminum alloy castings. 

A pair of cylinder blocks 42 and 43 are affixed to the 
opposite sides of the crankcase assembly 38 and arc inclined 
at a V- angle to each other so as to define a valley 44 
therebetween. Each cylinder block 42 is formed with a pair 
of respective cylinder bores 45 and 46. Pistons 47 and 48 are 
slid ably supported in the cylinder bores 45 and 46, 
respectively, and are connected by means of piston pins 49 
and 51 to respective connecting rods 52 and 53. The 
connecting rods 52 of the left hand cylinder bank 42 are 
connected at their lower or big ends to the throws of a first 
crankshaft 54 that is rotatably journaled in the crankcase 
chamber 38 by means of a plurality of spaced main bearings 
55. The main bearings 55 are of the roller type. It should be 
noted that the crankshaft 54 is offset transversely relative to 
the output shaft 24 and disposed vertically above it as clearly 
seen in FIG. 3. 



In a similar manner, the connecting rods 53 of the cylinder 
block 43 are connected at their lower or big ends to a second 
crankshaft 56 that is roUtably joumaled about an axis that 
lies in the same plane as the axis of the first crankshaft 54 
but on the opposite side of the output shaft 24. Roller type 
main bearings 57 provide the rotational support for the 
second crankshaft 56 in the crankcase assembly 38. It should 
be noted that the roller bearings 55 and 57 are axially aligned 
with each other as are the throws of the crankshafts 54 and 
56. This is possible due to the use of the two crankshafts 54 
and 56 and thus there is no stagger between the cylinder 
banks 42 and 43. This per its a lower overall length for the 
engine than other more conventional type of V-typc engines. 

The output shaft 24 is joumaled on the longitudinal center 
line of the watercraft 11 between the crankshafts 54 and 56 
and below them, as already noted. Roller type bearings 58 
are provided in the crankcase assembly 38 for journalling 
the output shaft 24. 

A pair of gears 59 and 61 are affixed to the rear ends of 
the crankshafts 54 and 56, respectively. The gears 59 and 61 
have the same diameter. These gears mesh with a timing gear 
62 that is affixed to the output shaft 24 so as to establish not 
only a drive to the output shaft 24 but a timing relationship 
between the crankshafts 54 and 56 so that they rotate at the 
same speeds. Also, due to the location of the shafts 54 and 
56 they will rotate in the same direction. 

In the illustrated embodiment, the ratio between the gears 
59 and 61 and the timing gear 62 is one-to-one but, if 
desired, a gear reduction may be employed so that the output 
shaft 24 rotates at a slower speed than the crankshafts 54 and 
56. Such an arrangement will permit a higher speed of the 
engine 23 without cavitation of the impeller 33 of the jet 
propulsion unit 29. The timing transmission between the 
crankshafts 54 and 56 comprised of the gears 59, 61 and 62 
is enclosed by a cover plate 60 that is affixed to the 
respective end of the crankcase assembly 38. 

Cylinder head assemblies 64 and 65 are affixed to the 
cylinder blocks 42 and 43, respectively, and form the com- 
bustion chambers for the engine along with the cylinder 
bores 45 and 46 and pistons 47 and 48. Spark plugs 66 are 
mounted in the cylinder heads 65 and are fired by an ignition 
system which includes a magneto generator assembly 67 
which is mounted at the end of the crankcase 38 opposite to 
the timing gears 59, 61 and 62, This flywheel magneto 67 is 
contained within an extension 68 of the crankcase assembly 
38. As a result of this arrangement, the engine is quite 
compact. 

As is well known in two-cycle crankcase compression 
engines, the crankcase chamber in which the crankshafts 54 
and 56 route is divided into a plurality of sections or 
portions each associated with a respective one of the cylin- 
der bores 45 and 46. These portions are sealed from each 
other. This includes crankcase chambers 69 associated with 
the cylinder block 42 and crankcase chambers 71 associated 
with the cylinder block 43 and associated with its cylinder 
bores 46. An induction system, indicated generally by the 
reference numeral 72 is provided for delivering a fuel/air 
charge to the crankcase chamber 69 and 71. In accordance 
with a feature of the invention, the induction system 72 is 
disposed in substantial part in the valley 44 between the 
cylinder blocks 42 and 43. This provides a compact assem- 
bly and also permits the maintenance of a low overall height 
for the engine 23. 

The induction system 72 is comprised of a pair of dual 
down draft carburetors 73 that are mounted on an intake 
manifold 74. Air is delivered to the down draft carburetors 



73 from respective air inlet and silencer devices 75. Each 
, barrel of each carburetor 73 serves one crankcase chamber 
1 69 or 71 of the respective cylinder block 42 and 43. The 
\ intake manifold 74 has individual runners that cooperate 
I with intake ports 76 and 77 divided by a dividing wall 78 of 
[ the upper crankcase member 41. Reed type check valves 79 

and 81 are positioned in each of the intake ports 76 and 77 
; for permitting a charge to flow into the respective crankcase 

chambers 69 and 71 as the pistons 47 and 48 move upwardly 

and which preclude reverse flow as these pistons move 

downward. 

Upon the downward movement of the pistons 47 and 48, 
the charge in the individual crankcase chambers 69 and 71 
is compressed and then transferred to the combustion cham- 
bers above the pistons 47 and 48 through respective scav- 
enge passages (not shown). This type of structure is well 
known in the art. The charge is then further compressed in 
each combustion chamber and is fired by the respective 
spark plug 66 therein in a timed relationship by the ignition 
system thus far described. 

When the charge burns it expands and drives the pistons 
47 and 48 downwardly and eventually opens exhaust ports 
^ 82 and 83 formed in the cylinder blocks 42 and 43 on the 

side thereof away from the valley 44. These exhaust gases 
d5 are then delivered to respective exhaust manifolds 84 and 85 

p that are affixed to the outer sides of the cylinder blocks 42 

r^! and 43, respectively. As may be seen in FIGS. 1 and 2, these 

^4 exhaust manifolds 84 and 85 extend along the sides of the 

engine 23 and thus maintain a compact arrangement. 
;=fi . Referring now again primarily to FIGS. 1 and 2, it will be 

^ noted that the central placement of the carburetors 73 

U = positions them beneath the hatch cover 19 and accessible 

S j i through the opening closed by the smaller cover 22. This 

i permits servicing of both the carburetors 73 and also the 
7 I spark plugs 66 through the smaller hatch cover 22. 

] The engine 23 is water cooled and water for its cooling is 
ffj j drawn from the body of water in which the watercraf 1 11 is 

j^Ts 1 operated in any well known manner. A suitable engine 

* 1 driven water pump may be provided for this purpose. The 

water is then circulated through cooling jackets in the 
cylinder blocks 42 and 43 and cylinder head assemblies 64 
^ and 65. This water is then discharged into a cooling jacket 

~4J which may encircle the exhaust manifolds 84 and 85 and 

around respective expansion chambers 86 and 87 that are 
disposed on opposite sides of the engine 23 and which 
extend along the cylinder blocks 42 and 43 and extend 
vertically upwardly above them to a small extent as best seen 
in FIG. 3. At some point this cooling water is then mixed 
with the exhaust gases so as to achieve silencing and cooling 
of the exhaust gases. 

Each expansion chamber 86 and 87 communicates 
through a respective conduit 88 and 89 with forwardly 
position water trap devices 91 and 92 disposed on opposite 
sides of the watercraft at equal distances to the longitudinal 
center line thereof so as to maintain sidc-to-side balance. 
The water trap devices 91 and 92 may form ooc or more 
internal expansion chambers and baffling arrangements so 
that the water from the engine cooling system will not flow 
back through the exhaust system to the engine 23 but will be 
discharged to the atmosphere along with exhaust gases as 
now will be described. 

Each water trap 91 and 92 discharges water though a 
respective exhaust pipe 93 and 94 that extend along the 
length of the watercraft and which pass above the respective 
cylinder head 64 and 65 so as to maintain a relatively 
compact construction and permit the free flow of the exhaust 
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g asses. The exhaust pipes 93 and 94 terminate in oppositely 
facing discbarge openings within the tunnel 31 as seen in 
FIG. 2. Hence, the exhaust gases will be discharged into the 
area of the tunnel and may be discharged below the body of 
water in which the watercraft is operating under some or all 
speeds for additional silencing. However, the water trap 
devices 91 and 92 will insure that none of this cooling water 
can flow back to the engine through the exhaust system, as 
already described. 

A watercraft constructed in accordance with another 
embodiment of the invention is illustrated in FIGS. 5-9 and 
is indicated generally by the reference numeral 101. In many 
regards, the components of this embodiment are the same as 
those of the embodiment previously described, although the 
orientation may be slightly different Where that is the case, 
the components are identified by the same reference numer- 
als and will not be described again, except insofar as is 
necessary to understand the construction and operation of 
this embodiment as to describe the different orientation. In 
addition, certain of these components are illustrated in more 
detail in this embodiment and where that is the case, this 
more detailed construction will be described. 

In FIG. 7, the arrangement for mounting the engine 23 in 
the bull portion 13 is specifically illustrated. This includes a 
pair of engine mounts 102 that are affixed to the crank case 
38 and which cooperate with elastic isolators 103 and hull 
mount brackets 104 for mounting the engine 23 resilienlly 
on the hull portion 13. The engine mount 102 and hull 
mounted brackets 103 are bonded to each other and to tbe 
elastic elements 103 in a manner well known in this art . 



The layout of the exhaust system of the engine 23 iqXhis 
'embodiment is different from that previously described and 
for that reason the entire exhaust system will be described. 
This includes, like the embodiment of FIGS. l-4y4xhaust 
manifolds 84 and 85 that are affixed to the outboap sides of 
the cylinder blocks 42 and 43. Unlike the ^previously 
described embodiment wherein the expansion chamber 
devices are positioned also on the outboartf side of the 
engine, in this embodiment, a connecting pine, indicated by 
the reference numeral 105 is disposed at erach side of the . 
engine and communicates with a forwacaly opening dis- 
charge port of the respective exhaust maimold 84 and 85. It 
will be seen that the connecting pipe 103! is of a double wall 
construction having an outer wall 106 that is spaced from the 
inner wall 107 and defines therebetween a water jacket 108 
that receives coolant from the engirfe cooling jacket in any 
suitable manner. The connecting pipe 105 merges into an 
expansion chamber device 109 which is disposed above the 
cylinder head 64 and 65 of each <4f the cylinder banks 42 and 
43. This expansion chamber device also has a double wall 
construction defining a cooling jacket 111 there around. The 
expansion chamber device 1U9 passes back over the top of 
the engine 23 and terminates in a discharge nipple 112 into 
which the water from the cooling jackets 108 and 111 is 
dumped for mixing with the exhaust gases. 

The expansion chamber nipples 112 communicate with 
respective exhaust jnpes 113 (FIG. 5 and 6) that extend 
along the sides of Ac hull outwardly of the tunnel 28 and 
which terminate Lo water trap devices 114, each disposed on 
opposite sides of tbe tunnel 28. The water trap devices 114 
are, therefo rebalanced side by side and thus the watercraft 
101 is well balanced both in a fore and aft and in a side to 
side direction. The water trap devices 114 operate like those 
of the previously described embodiment so as to permit the 
discharge of water from the engine cooling jacket along with 
the exhaust gases while precluding any water from flowing 
intoyuie engine through its exhaust system. 
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Each water trap device 114 discharges into a respective 
.exhaust pipe 115 which, like the previously described 
embodiment, discharges into the tunnel 28 for a discharge of 
the exhaust gases to the atmosphere. 

It should be readily apparent from the foregoing descrip- 
tion that the described embodiments of the invention provide 
a very compact engine and watercraft and also an engine that 
incorporates a transmission so that the engine can operate at 
a greater speed than the jet propulsion unit which it drives 
and avoid the likelihood of cavitation. Of course, the fore- 
going description is that of preferred embodiments of the 
invention and various changes and modifications may be 
made without departing from the spirit and scope of the 
invention, as denned by the appended claims. 

We claim: 
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watercraft comprised of a hull defining an engine compartment, a two-cycle, 
cease compression internal combustioi/ engine contained within said engine 
compartment and for a watercraft room having a crankcase chamber journaling an output 
shaft, a pair of cylinder blocks extending^ a V-angle to each other and affixed to said 
crankcase chamber, each cylinder blocy having at least one cylinder bore containing a 
piston for driving said output shaft, safcl cylinder bores having axes lying in_a plane that 
extends transversely to said output ihaft, an induction system for said engine disposed 
substantially completely in a valley defined between said cylinder blocks for delivering at 
least an air charge to said crankc^e chamber for transfer to combustion chambers formed 
above said pistons, and a pair of exhaust manifolds each affixed to a respective one of said 
cylinder blocks on the side thereof facing away from said valley. 
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